Introduction
Different routes for between-herd transmission of the classical swine fever (CSF) virus have been described. The most frequently cited are direct animal contact, mechanical vectors such as vehicles, equipment and persons, artificial insemination with semen from infected boars and neighbourhood contacts. The majority of these virus transmission routes were identified based on epidemiological research and expert opinions (Terpstra, 1988; Horst et al., 1997; Teuffert et al., 1998; Laevens, 1999; Mintiens et al., 2000; Stegeman et al., 2000; Elbers et al., 2001 ) whereas, only a limited number were identified or confirmed under experimental conditions (Hughes and Gustafson, 1960; Terpstra, 1988; de Smit et al., 1999; Dewulf et al., 2000a) .
In case of transmission of CSF virus through mechanical vectors it is believed that these vectors are contaminated through excretions of infectious pigs and that the susceptible pigs are infected through contact with these excretions. Subsequently, the risk of transmission is influenced by the probability of virus spread via the excretions and by the probability of infection through contact with these excretions. In general, it is stated that CSF-infected pigs are excreting the virus through oronasal and lacrimal excretions as well as through urine and faeces (Terpstra, 1988; van Oirschot, 1999) and can become infected through oral, nasal, aerogenic, conjunctival, genital and various parenteral routes (Terpstra, 1988) . Furthermore, it is described that pigs may shed virus before the onset of the disease and continue to do so during the entire disease period (van Oirschot, 1999) . However, these general rules are based on very limited experimental information. In one experiment, the CSF virus could be isolated from the faeces and urine 6-7 days post-inoculation (Ressang and Bool, 1972) , whereas, in an other study, virus could only be isolated from faeces from day 14 post-inoculation onward. However, in none of these experiments an attempt was made to reinfect susceptible animals with these positive excretions. Information on the possibility of infection of susceptible pigs with excretions of infectious pigs is even sparser. Only one experiment is described in which two of 10 pigs exposed to secretions and excretions of clinically diseased pigs became infected (Hughes and Gustafson, 1960) .
Because of the importance that is addressed to the indirect virus transmission via mechanical vectors during CSF epidemics on the one hand, and the limited experimental information that is available on this route of virus transmission on the other, an experiment was set up to evaluate the importance of virus spread through excretions of infected pigs. More specifically, a frequently occurring field situation, where susceptible pigs are transported with a vehicle that previously transported infectious pigs, was mimicked in an experimental setting.
Materials and Methods

Animals
Twenty conventional weaner pigs of 12-15 kg, originating from an isolated pig herd and controlled for the absence of bovine viral diarrhoea virus (BVDV) and CSF virus antibodies, were used.
Virus
The isolate used for the experimental inoculation was originally obtained from the first CSF-infected herd of the 1993-1994 Belgian epizootic. The isolate was verified to be free of African swine fever virus and BVDV. By using monoclonal antibodies, it was characterized to be similar to an isolate known as the Ôsouche LorraineÕ (Koenen and Lefebvre, 1994) . Virus infectiousness was 10 3 median tissue culture infective dose (TCID 50 /ml). The inoculum was obtained from the original isolate after two passages on PK 15 cells.
Experimental design
Upon arrival, 10 pigs were randomly allocated to five pens (two pigs per pen) situated in one compartment. All pens were the same size (length · width · height ¼ 150 · 200 · 150 cm) with a full concrete floor, and separated by a full wall. Therefore, no direct contact was possible between pigs or manure of the different pens. After an acclimatization period of 6 days all pigs were individually inoculated with CSF virus by deep intramuscular injection (2 ml) plus intranasal inoculation (2 ml). During an 8-day period (infection period), the infection status of the inoculated pigs was checked by clinical examination, rectal temperature monitoring and blood sampling. After this period, the pens were depopulated and the pigs were killed.
Twenty hours after depopulation, pens were restocked with 10 susceptible weaner pigs (random allocation, two pigs per pen). The susceptible pigs stayed in the pens during the next 35 days (observation period). After the observation period all pigs were killed. During the infection period, in the period between depopulation and restocking, and the first 2 weeks of the observation period, the pens were neither cleaned nor disinfected.
During the whole experiment the temperature in the pens was around 20°C.
Sample collection and analysis
First sample collection from all pigs took place upon arrival. During the infection period (inoculated pigs, 8 days) and the first 2 weeks of the observation period (susceptible pigs) clotted and heparinized blood samples for virus, antigen and antibody detection were collected every 2 days. During the last 3 weeks of the observation period blood samples were taken weekly. The pens were always visited following the same route beginning with pen 1 and ending with pen 5. Between the visits of the pens footwear was disinfected. All material necessary for rectal temperature monitoring and blood sampling was provided per pen.
On the blood samples collected from the experimentally inoculated pigs (infection period) virus was detected using virus isolation (VI) in whole blood and serum, whereas during the observation period virus was detected using VI in whole blood, serum and leucocytes. Additionally, a single tube reverse transcription-nested polymerase chain reaction (RTnPCR) test (McGoldrick et al., 1999) , including a positive blood sample from an experimentally infected pig as positive control, was used to detect virus in blood samples during the observation period. In all blood samples antigen was detected using Ag-ELISA (CHEKIT CSFV III, Dr Bommeli AG, Liebefeld-Bern, Switzerland) and antibodies against CSF virus as well as BVDV, were detected using virus-neutralization (VN) test (Holm-Jensen 1981) . From every pig that died or was killed, tissue (kidney, spleen, tonsils, heart and liver), blood and faeces (directly from colon) samples and nasal swabs were collected for VI. Additionally, both at the moment of depopulation and at the moment of restocking, two excretion samples were collected in each pen for VI.
For VI in blood samples, 100 ll whole blood, serum or buffy coat was inoculated in duplicate onto a non-confluent monolayer of PK 15 cells cultured in multiwell plates (24 wells/plate). For VI in tissue samples and faeces 1 cm 3 of each organ or faeces sample was put into 9 ml minimal essential medium (MEM) and grounded with an ultra-Turrax (Janke and Kunkel, Staufen, Germany). After centrifugation for 10 min at 4000 · g, 300 ll of the supernatant was inoculated in duplicate onto a non-confluent monolayer of PK 15 cells cultured in multiwell plates (24 wells/plate). After 48 h, the cells were fixed with isopropanol and stained with a polyclonal fluorescein-conjugated anti-CSF immunoglobulin. Virus titration was performed using 10-fold dilutions. During the whole experiment rectal temperature was monitored daily.
Results
The experimental inoculation succeeded in all pigs. As viraemia is assumed to start halfway between the last negative result and the first positive result, the average time between experimental inoculation and onset of viraemia, based on the VI in whole blood, was estimated to be 3.2 days (Table 1) . On the day of depopulation, blood samples of all pigs were positive in VI as well as Ag-ELISA. Virus titres in whole blood varied between 10 )3 and 10 )4 . At the end of the infection period clinical symptoms such as erythema, conjunctivitis, diarrhoea and ataxia were present. Also the rectal temperature of all pigs rose above 40°C (Fig. 1) . Because of the limited period (8 days), between inoculation and depopulation, no antibodies were found in these pigs. At the moment of depopulation, virus could be isolated from most of the tissue samples of the experimentally inoculated pigs (Table 2) . Moreover, in four pigs virus could be isolated from the nasal swabs with titres varying between 10 )1 and 10
. However, in only one pig virus could be isolated in faeces collected directly from the colon (titre 10 )1 ) ( Table 2 ). In the excretion samples collected in the pens at the moment of depopulation and at the moment of restocking no virus could be isolated.
At the moment of restocking, the floor of each pen was almost fully covered with excretions. Consequently, an intense contact of the susceptible pigs with the excretions was possible. During the observation period, all blood samples of all pigs remained negative for VI in whole blood (Table 1) , leucocytes and serum, as well as for RT-nPCR and Ag-ELISA. Also, no antibodies could be detected at any moment during the observation period. These negative results were confirmed by the negative results in all tissue samples. Furthermore, no clinical signs or fever could be detected during the observation period (Fig. 1) .
Two pigs (nrs 4.1 and 4.2) died 17 and 32 days after restocking, respectively. The death of pig nr 4.1 was caused by stress during the blood sampling, whereas for pig nr 4.2 the cause of death remained unknown. However, as all blood as well as tissue samples of both pigs were negative during the whole observation period and after death it was concluded that they did not die as a result of a CSF infection.
Discussion
The experiment was designed to correspond as much as possible to a field situation where susceptible pigs are transported with a vehicle that previously transported infectious pigs. Therefore, the incubation period was deliberately limited to 8 days to allow all pigs to become viraemic but to avoid the pigs to become undeniably clinically diseased as visibly diseased animals are unlikely to be transported during a CSF epidemic.
Although all experimentally inoculated pigs were killed before they became clearly diseased, it may be assumed that they were developing a severe infection. This conclusion is based on the one hand, on the observation that already 8 days post-infection, all pigs had fever, were developing the first clinical symptoms and had high virus titres in blood and on the other hand, it is known from several previous experiments, Table 2 . Virus isolation in different tissues and in blood, faeces and saliva samples after slaughter using the same virus strain and infection dose, that the Ôsouche LorraineÕ consistently causes severe clinical symptoms and mortality in piglets, fattening pigs as well as sows (Laevens et al., 1998 Dewulf et al., 2000b Dewulf et al., , 2001 . The time interval between depopulation and restocking was set to be 20 h mimicking a vehicle transporting infectious pigs on one day and susceptible pigs the next day. However, this time interval is believed to be of minor importance as CSF virus can remain infective up to 2 weeks in liquid manure kept at 20°C (Westergaard, 1996; Edwards, 2000) . The fact that the pens were neither cleaned nor disinfected between depopulation and restocking mimics a worst-case scenario where the mandatory hygienic procedures of cleaning and disinfection between subsequent animal transports were totally ignored.
Although most of the pigs were already viraemic 5 days prior to depopulation, and virus was isolated in the faeces of one pig and the nasal excretions of four pigs, the results of the experiment indicate that the amount of virus excreted was insufficient to contaminate the pens in such a way that the susceptible pigs became infected. The one pig in which virus could be isolated from the faeces was viraemic for 5 days and developed fever during the last 2 days before killing. On the day of killing conjunctivitis was also detected. However, these results do not differ from the other inoculated pigs in which no virus could be detected in the faeces. The isolation of virus in nasal excretions and faeces already 8 days post-infection does not fully correspond with the results of Depner et al. (1994) who found that virus could only be isolated in nose fluid and faeces as early as 10 and 14 days post-inoculation, respectively. The differences may be caused by biological variation, test sensitivity or virus strain.
The extrapolation of results of this experiment to the field situation remains a difficult task. On the one hand it can be concluded that the virus transmission via excretions is of minor importance in the early stages of the infection. Referring to the results of Depner et al. (1994) it could even be assumed that virus spread via excretion becomes only important when the infected pigs are clinically diseased. On the other hand this conclusion should be drawn very carefully as many factors, such as virus strain, infection dose, length of the interval infection depopulation, etc., may have influenced the outcome of the experiment. Moreover, the results of this experiment conflict with the importance that is appointed to the transmission of CSF virus via contaminated mechanical vectors in several epidemiological studies (Stegeman et al., 1997; Elbers et al., 2001) . Therefore, this experiment should be repeated to evaluate the effect of the potentially influencing factors and to increase the validity of the conclusions.
However, based on the results of this experiment, it can be concluded at least that transmission of CSF virus by contaminated mechanical vectors is not as self-evident as assumed before and merits further research. Finally, it should be stressed that the results of this experiment may in no means be interpreted as that hygienic procedures should be neglected during the control of a CSF outbreak.
